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NEW CONCEPTS I N  DEPLOYABLE BEAM STRUCTURES 

Dur ing  t h e  pas t  twenty y e a r s  a number o f  concepts have been proposed f o r  
deployable beam s t r u c t u r e s  which can be used i n  space a p p l i c a t i o n s .  
ago a number o f  t hese  concepts were surveyed by independent s t u d i e s  and t h e  
r e s u l t s  o f  those surveys a re  r e p o r t e d  i n  re fe rences  1-3. An e v a l u a t i o n  o f  
these re fe rences  i n d i  ca tes  t h a t  t h e  des i  gn o f  dep loyab le  s t r u c t u r e s  i nvo l  ves a 
compl icated t r a d e o f f  o f  packaging e f f i c i e n c y ,  t h e  o v e r a l l  mechanisms assoc ia ted  
w i t h  dep loy ing  and l a t c h i n g  beam j o i n t s ,  and t h e  requirements and comp lex i t y  o f  
t h e  beam deployer / repacker .  

Two yea rs  

Recen t l y  t h e  LaRC S t r u c t u r e s  and Dynamics D i v i s i o n  has had an in-house e f f o r t  
supplemented by 1 i m i  t e d  c o n t r a c t  suppor t  t o  reexamine deployable s t r u c t u r e s  and 
propose some new concepts which can improve some o f  t h e  bas i c  f e a t u r e s  o f  t hose  
eva lua ted  i n  re fe rences  1 and 2. The beams eva lua ted  i n  t h e  c u r r e n t  paper i n -  
v o l v e  new deployable beam concepts i n  t h e  general  areas o f  t h r e e  longeron deploy- 
a b l e  beams, c o n t r o l l a b l e  geometry beams and d e p l o y a b l e l e r e c t a b l e  beams. These 
new concepts have, i n  most cases, been developed t o  t h e  p o i n t  of f a b r i c a t i n g  
o p e r a t i o n a l  demonstrat ion models. The concepts a re  d iscussed i n  t h e  o r d e r  p re -  
sented i n  f i g u r e  1. 

Three longeron deployable beams 

Controllable geometry beams 

Oeployable/erectable beams 

Figure  1 
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JOINTS DOMINATE BEAM STRUCTURAL RESPONSE 

A l l  deployable beams have some t y p e  o f  h inge j o i n t  i n c o r p o r a t e d  i n  each 
dep loy ing  bay. The response of these j o i n t s  can s i g n f i c a n t l y  i n f l u e n c e  t h e  
s t r u c t u r a l  behavior  o f  t h e  beam. A c l e v i s  j o i n t  t h a t  i s  cons idered t o  be 
r e p r e s e n t a t i v e  of one o f  t h e  s imp les t  j o i n t s  t h a t  can be used i n  deployable 
s t r u c t u r e s  was t e s t e d  t o  eva lua te  l o a d / d e f l e c t i o n  response and t h e  r e s u l t s  a r e  
shown i n  f i g u r e  2. A t  very low values o f  l o a d  t h e  j o i n t  has a dead band r e g i o n  
due t o  f r e e  p l a y  between t h e  p i n  and i t s  l o a d  bear ing  members. The cumulat ive 
e f f e c t  o f  t h i s  f r e e  p l a y  i n  a deployed beam cou ld  be s i g n i f i c a n t  due t o  t h e  
l a r g e  number o f  j o i n t s  invo lved.  Th is  e f f e c t  would be man i fes t  i n  t h e  beam by 
t h e  i n a b i l i t y  t o  a c c u r a t e l y  p o s i t i o n  t h e  beam t i p  as shown by t h e  sketch on t h e  
r i g h t .  
which i s  assoc ia ted  w i t h  s e a t i n g  o f  t h e  p i v o t  p i n .  
as n o n l i n e a r  response o f  t h e  deployed beam s t r u c t u r e .  

I 

On e i t h e r  s i d e  o f  t h e  j o i n t  f r e e  p l a y  r e g i o n  i s  a n o n l i n e a r  r e g i o n  
T h i s  e f f e c t  cou ld  be mani fest  

A t  loads above t h e  p i n  s e a t i n g  r e g i o n  t h e  response o f  t h e  j o i n t  i s  n e a r l y  
l i n e a r ;  however, t h e  j o i n t  i s  approx imate ly  50% s t i f f e r  i n  compression than i t  
i s  i n  tens ion.  
l o a d  pa th  through t h e  j o i n t .  
and t h e  c h a r a c t e r i s t i c s  noted a r e  l i k e l y  t o  be ev ident  t o  an even g r e a t e r  
e x t e n t  i n  complex multimember j o i n t s .  

The d i f f e r e n c e  i n  s t i f f n e s s  i s  i n h e r e n t  i n  t h e  j o i n t  due t o  t h e  
The c l e v i s  j o i n t  t e s t e d  was a very s imple j o i n t  
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BATTEN AUGMENTED TRIANGULAR (BAT) BEAM 

Since a l a r g e  number o f  j o i n t s  a r e  g e n e r a l l y  r e q u i r e d  i n  deployable beams i t  
would be d e s i r a b l e  t o  i n c o r p o r a t e  f e a t u r e s  i n  t h e  beam design t h a t  would 
e l i m i n a t e  o r  reduce u n d e s i r a b l e  j o i n t  e f f e c t s  such as f r e e  p l a y  and p i n  
sea t ing .  A t h r e e  longeron b a t t e n  augmented t r i a n g u l a r  (BAT) beam has been 
designed f o r  t h i s  purpose. The impor tan t  aspects o f  t h e  beam a r e  i l l u s t r a t e d  
i n  t h e  sketches o f  f i g u r e  3. The beam i s  a s i n g l e  f o l d  deployable c o n f i g u r a -  
t i o n  which has each longeron connected by c ross  l aced  d iagonals  and a b a t t e n .  
Each bay o f  t h e  beam i s  i n t e r n a l l y  preloaded by b u c k l i n g  t h e  b a t t e n  and t h e  
t h r e e  ba t tens  t h a t  c o n s t i t u t e  a b a t t e n  frame a r e  connected t o g e t h e r  a t  t h e  
b a t t e n  ends so as t o  buck le  s imul taneously .  To r e t r a c t  t h e  beam t h e  longerons 
h inge  a t  t h e  bay m id - leng th  and a t  t h e  ba t ten /d iagona l  connector t o  f o l d  i n t o  
t h e  c e n t e r  o f  t h e  bay. 
gonal connector t o  nes t  between t h e  ba t tens  which a re  H shaped members. 

The d iagona ls  te lescope  and h inge  a t  t h e  b a t t e n  d i a -  

P 

F i g u r e  3 
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DEPLOYABLE BAT BEAM MODEL 

A demonstrat ion model of t h e  deployable b a t  beam was designed and f a b r i c a t e d  
f o r  concept e v a l u a t i o n .  Photos o f  t h e  model a re  shown i n  f i g u r e  4. 
on t h e  l e f t  i s  o f  t h e  model i n  t h e  stowed ( r e t r a c t e d )  p o s i t i o n  a t tached  t o  a 
plywood base. 
t o p  bay be ing  deployed. The model f u l l y  deployed i s  shown on t h e  r i g h t  o f  
f i g u r e  4. 
t o  packaged h e i g h t  r a t i o  o f  about 80:l. 
f a b r i c a t e d  from cont inuous f i l a m e n t  g r a p h i t e  tubes and rods. The longeron 
d iameter  i s  about 1.3 cm (.5 i n )  and t h e  r a t i o  o f  t h e  a x i a l  s t i f f n e s s  o f  t h e  
l ongeron  t o  t h e  a x i a l  s t i f f n e s s  o f  t h e  d iagonal  i s  approx imate ly  4:l. The 
longeron members have a s imp ly  supported E u l e r  b u c k l i n g  l o a d  o f  approx imate ly  
50 l b s  and t h e  longeron p r e l o a d  induced by t h e  buck led f i b e r g l a s s  b a t t e n  i s  11 
l b s .  
i n  t h e  j o i n t  t o  m a i n t a i n  t h e  h inge  i n  t h e  deployed p o s i t i o n .  

The photo 

The c e n t e r  photo i l l l u s t r a t e s  t h e  deployment sequence w i t h  t h e  

The model has a longeron l e n g t h  of 2 meters p e r  bay and a deployed 
A l l  longeron and d iagonal  members were 

The m i d l e n g t h  longeron j o i n t s  have a s e l f  dep loy ing  mechanism i n c o r p o r a t e d  

F i g u r e  4 
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BAT BEAM DEPLOYEK 

A concept was developed f o r  a BAT beam deployer  and sketches a r e  shown i n  
f i g u r e  5 t o  d e p i c t  t h e  o p e r a t i o n  o f  t h e  deployer .  
c o n t r a c t  and d e t a i l e d  i n f o r m a t i o n  can be ob ta ined  i n  r e f e r e n c e  4. The packaged 
c o n f i g u r a t i o n  o f  t h e  beam i s  shown on t h e  l e f t  o f  f i g u r e  5. 
u r a t i o n  t h e  beam co rne r  longeron j o i n t s  a r e  s tacked on each o t h e r  and supported 
by guide r a i l s  a t  t h e  t h r e e  co rne r  l o c a t i o n s .  Beam deployment i s  accomplished 
by moving t h e  nodes away f rom t h e  deployer  u s i n g  t h e  acme threaded l e a d  screws 
shown i n  t h e  l e f t  i n s e r t .  I n  t h e  stowed c o n f i g u r a t i o n ,  t h e  l e a d  screws a r e  
threaded i n t o  a l l  t h e  nodes t o  suppor t  t h e  nodes f o r  launch and t o  p r o v i d e  a 
s to rage  l o c a t i o n  f o r  t h e  screw. To i n i t i a t e  deployment t h e  l e a d  screws a re  
tu rned  so t h a t  t hey  back ou t  o f  t h e  stacked nodes u n t i l  t h e  guide r a i l s  deploy 
and l a t c h  i n  t h e  deployed p o s i t i o n  as shown i n  t h e  ske tch  on t h e  r i g h t  of 
f i g u r e  5. 
nodes o f  t h e  t o p  b a t t e n  frame. 
t h e  beam begins t o  deploy.  
however, i t  can be stopped w i t h i n  one bay a t  any p a r t i a l l y  deployed l o c a t i o n .  
A d d i t i o n a l  i n f o r m a t i o n  can be found i n  a subsequent f i g u r e .  

T h i s  work was supported by 

For  t h i s  c o n f i g -  

When t h e  guide r a i l s  l a t c h  t h e  l e a d  screws remain threaded i n  t h e  
The l e a d  screw r o t a t i o n  i s  t h e n  reversed and 

The beam deployment f rom t h i s  p o i n t  i s  cont inuous; 

Stowed configuration Positioned to deploy beam 

F i g u r e  5 
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BAT BEAM DEPLOYER 

The sequence f o r  con t inuous  deployment o f  t h e  BAT beam i s  i l l u s t r a t e d  i n  f i g u r e  
6 .  As each node deploys i t  causes t h e  longeron t o  u n f o l d  and t h e  d iagona ls  t o  
te lescope  outward. 
engagement by t h e  escapement mechanism shown ad jacent  t o  t h e  guide r a i l  i n  t h e  
ske tch  on t h e  l e f t .  When t h e  longeron and o t h e r  members o f  t h e  dep loy ing  bay 
a r e  f u l l y  deployed t h e  base node i s  p u l l e d  th rough t h e  escapement wheel which 
i s  f r i c t i o n  loaded and on to  t h e  l e a d  screw. 
t h e  node moves l a t e r a l l y  t o  buck le  t h e  ba t ten .  The bay t o p  node e x i s t s  from 
t h e  t o p  o f  t h e  l e a d  screw and t h e  sequence repeats  u n t i l  t h e  beam i s  f u l l y  
deployed. To r e t r a c t  t h e  beam t h e  e n t i r e  process i s  reversed. 

The dep loy ing  bay base node i s  p revented  f rom premature 

As i t  i s  p u l l e d  t o  t h e  l ead  screw 

‘Escapement deployment 

F i g u r e  6 
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DEPLOYABLE TETRAHEDRAL BEAM 
DOUBLE FOLD CONCEPT 

A concept f o r  a deployable beam whose b a s i c  r e p e a t i n g  element i s  an i r r e g u l a r  
t e t r a h e d r a l  has been i n v e s t i g a t e d .  The beam geometry and f o l d i n g  techn ique  
a r e  i l l u s t r a t e d  i n  t h e  photographs o f  a s imple work ing  model shown i n  f i g u r e  
7. 
t h e  c o n t r a c t  was t o  d e f i n e  t h e  f o l d i n g  sequence and h inge a x i s  o r i e n t a t i o n  t o  
package t h e  t e t r a h e d r a l  beam i n t o  a compact u n i t .  
t h e  sequence r e q u i r e d  t o  r e t r a c t  t h e  deployed model i s  desc r ibed  below. 
r e t r a c t i o n  sequence i s  i n i t i a t e d  by h i n g i n g  t h e  d iagonal  i n  t h e  foreground of 
f i g u r e  7 ( a  and b )  i n t o  a p lane  formed by t h e  longerons i n  t h e  foreground. 
nex t  r e t r a c t i o n  s t e p  i s  shown i n  f i g u r e  7c where t h e  h inge  i n  t h e  d iagonal  
i d e n t i f i e d  by t h e  d o t  i s  r o t a t e d  so  t h e  j o i n t  nodes f o l d  i n  t h e  manner i n d i -  
ca ted  by t h e  arrow i n  f i g u r e  7c t o  t h e  f o l d e d  p o s i t i o n  shown i n  f i g u r e  7d. 
d iagonal  i n d i c a t e d  by t h e  d o t  i n  f i g u r e  7d i s  t hen  h inged t o  move t h e  j o i n t  
node t o  t h e  new p o s i t i o n  i n d i c a t e d  by t h e  arrow. The new f o l d e d  p o s i t i o n  i s  
shown i n  f i g u r e  7e. 
t hen  repeated as many t imes  as r e q u i r e d  t o  f o l d  t h e  beam i n t o  .a compact package 
such as t h e  double f o l d  arrangement shown i n  f i g u r e  7 f .  

T h i s  work was performed under NASA Con t rac t  NAS1-17536-2. The o b j e c t i v e  o f  

To i l l u s t r a t e  t h e  process 
The 

The 

The 

The t h r e e  s t e p  f o l d i n g  process i n i t i a t e d  i n  f i g u r e  7b i s  

T h i s  beam has a number o f  ve ry  d e s i r a b l e  s t r u c t u r a l  f e a t u r e s :  
j o i n t s  i n  t h e  longerons except those  near t h e  nodes, ( 2 )  a l l  j o i n t s  a re  s imp le  
s i n g l e  a x i s  h inge  p i v o t s ,  ( 3 )  each j o i n t  body i s  f i x e d  t o  t h e  end o f  one member 
which serves t o  s t a b i l i z e  t h e  body and reduce any r o c k i n g  mot ion t h a t  may occur  
due t o  misal ignment,  and ( 4 )  i t  can be f o l d e d  i n t o  a very compact package w i t h -  
o u t  r e q u i r i n g  s imultaneous f o l d i n g  o f  a l l  bays o r  any e x t r a  j o n t s  i n  t h e  members 
over  those  t h a t  would be r e q u i r e d  f o r  a s i n g l e  f o l d  c o n f i g u r a t i o n .  

( 1 )  i t  has no 

Figure 7 
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TWO BAY CONTROLLABLE GEOMETRY GEODESIC TRUSS MODEL 

Most deployable beams such as those discussed i n  re fe rences  1 and 2 as w e l l  as 
t h e  BAT beam discussed p r e v i o u s l y  r e q u i  r e  a speci  a1 purpose depl oyer  mechani sm 
t o  u n f o l d  and suppor t  t h e  beam and t h e  deployer  then serves no u s e f u l  purpose. 
Thse beams must a l s o  be deployed s t r a i g h t  a long t h e  f i n a l  beam a x i s .  A new 
concept i n  deployable beam techno1 ogy known as c o n t r o l  1 ab1 e geometry beams has 
been i n v e s t i g a t e d .  A c o n t r o l l a b l e  geometry beam has a number o f  members which 
a r e  e x t e n s i b l e  l i n k  a c t u a t o r s  and can serve t o  deploy t h e  beam as w e l l  as cause 
i t  t o  deform i n  a p r e d i c t a b l e  manner. The two bay beam model shown i n  f i g u r e  8 
i s  one such c o n t r o l l a b l e  geometry beam concept. I t  i s  c a l l e d  a geodesic t r u s s  
model because i t  i s  formed by connect ing a s e r i e s  o f  f l a t  s ided t r i a n g u l a r  
frames. The t h r e e  photos o f  t h e  model shown i n  f i g u r e  8 a r e  t h e  model deployed 
s t r a i g h t  a long t h e  beam a x i s ,  t h e  beam deployed i n  a serpent ine  manner w i t h  
t h e  beam t i p  canted and t h e  beam f u l l y  r e t r a c t e d  t o  t h e  stowed p o s i t i o n .  
beam can serve s t r u c t u r a l  f u n c t i o n s  i n  any deployed c o n f i g u r a t i o n  which permi ts  
i t s  use as an a r t i c u l a t i n g  serpent ine  s t r u c t u r e  t o  move masses i n t o  areas t h a t  
would be o therw ise  d i f f i c u l t  t o  reach; t o  c o r r e c t  f o r  a l ignment  e r r o r s  i n  a p p l i -  
c a t i o n s  t h a t  r e q u i r e  p r e c i s i o n  s t r u c t u r a l  c o n t r o l ;  o r  t o  serve as a moveable 
j o n t  i n  a space crane or manipu la to r  arm. 
shown on f i g u r e  9. 

The 

D e t a i l s  o f  t h e  c o n f i g u r a t i o n  a r e  

F igure  8 
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TWO BAY CONTROLLABLE GEOMETRY GEODESIC TRUSS MODEL (CONCLUDED) 

Some d e t a i l s  o f  t h e  geodesic beam a r e  i l l u s t r a t e d  u s i n g  t h e  sketch o f  t h e  two 
bay model shown i n  f i g u r e  9. 
members which connect t o  form t h e  t r i a n g u l a r  a c t u a t o r  frame noted i n  t h e  
f i g u r e .  Each a c t u a t o r  can move indendent ly  t o  p e r m i t  t h e  beam t o  achieve t h e  
r e q u i r e d  range o f  motion. 
composed o f  t h r e e  f i x e d  l e n g t h  members. 
frames a r e  a s e r i e s  o f  l o n g i t u d i n a l  crossed members which a r e  pr imary l o a d  
c a r r y i n g  members f o r  bo th  l o n g i t u d i n a l  and t o r s i o n a l  beam loads. The beam 
has two j o i n t  t ypes  noted i n  t h e  f i g u r e  as A and B. 
frame ( j o i n t  A) a r e  a l i k e  and a l l  j o i n t s  i n  t h e  a c t u a t o r  frame ( j o i n t  B )  a re  
a l i k e .  

A t  t h e  c e n t e r  o f  each bay are  t h r e e  a c t u a t o r  

A t  t h e  end o f  each bay i s  a b a t t e n  frame which i s  
Conencting t h e  a c t u a t o r  and b a t t e n  

A l l  j o i n t s  i n  t h e  b a t t e n  

Joint Type 

Typical 
Bay 

I 

i 

dator 
Frame 

A 
Batten 
Frame 

Figure  9 
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GEODESIC BEAM TEST SETUP 

The demonstration model o f  t h e  geodesic beam which i s  shown i n  f i g u r e  8 was 
t e s t e d  over a range of p o t e n t i a l  opera t ing  pos i t i ons .  
i n  f i g u r e  10 w i t h  t h e  model f u l l y  deployed. 
both tens ion  and compression. The load was app l ied  a t  t h e  end j o i n t s  us ing  
displacement screw jacks  and t h e  p la tens  o f  t he  t e s t  machine shown i n  the  f i g u r e  
were used as s t a t i o n a r y  backstops t o  reac t  t h e  load. 
each node was measured as w e l l  as t h e  s t r a i n  i n  each member o f  one bay o f  t h e  
beam. Some t yp i ca  bsequent f i gure. 

The t e s t  setup i s  shown 
The model was loaded a x i a l l y  i n  

The a x i a l  displacement of 

F igure 10 
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GEODESIC BEAM TEST RESULTS 

Load displacement results from t e s t s  conducted on the geodesic beam model in 
the fully deployed position are shown in figure 11. The results in the figure 
are averages of displacement gages located a t  the three joints  a t  four axial 
stations along the beam as noted on the sketch. A t  low loads the t e s t  results 
are nonlinear a t  each of the four stations a l o n g  the beam. F o r  applied loads 
above approximately 30 lbs,  however, a l l  l o a d  displacement curves are l inear.  
The t e s t  resul ts  for t h i s  beam which had 15 moderately complicated joints  are 
similar t o  the results f o r  the simple clevis joint  shown on figure 2. Both 
demonstrate nonlinear load displacement results f o r  low ranges of t e s t  load 
and linear results f o r  loads i n  the high range o f  the t e s t  values. Although 
not  shown on figure 11 the geodesic beam also had a different axial s t i f fnes s  
when i t  was loaded in tension t h a n  i t  did when i t  was loaded i n  compression. 

0 .05 . lo .15 .20 .25 
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SPACE CRANE APPLICATION FOR CONTROLLABLE GEOMETRY STRUCTURES 

One p o t e n t i a l  a p p l i c a t i o n  f o r  t h e  geodesic beam concept i n v o l v e s  t h e  use of  one 
o r  more bays a t tached  t o  a t r u s s  w i t h  f i x e d  j o i n t s  which cou ld  t h e n  be used as 
a space crane. The bays 
o f  t h e  geodesic beam would p r o v i d e  t h e  r e q u i r e d  l o n g i t u d i n a l  and m e r i d i o n a l  
maneuverabi 1 i ty  found o n l y  i n  massi ve p i n  j o i n t s  normal l y  used i n crane appl  i - 
c a t i o n s .  By u s i n g  o n l y  a few bays o f  t h e  geodesic beam t h e  number o f  a c t u a t o r s  
would be l i m i t e d  which would reduce t h e  mechanical comp lex i t y  w i t h o u t  s a c r i f i c i n g  
performance. 

A sketch o f  t h i s  c o n f i g u r a t i o n  i s  shown i n  f i g u r e  12. 

F i g u r e  12 
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ANALYSIS OF CONTROLLABLE GEOMETRY BEAM STIFFNESS 
DURING DEPLOYMENT AND RETRACTION 

To support  t h e  model development work on c o n t r o l l a b l e  geometry beams a n a l y t i c a l  
s t u d i e s  have been performed t o  eva lua te  t h e  s t i f f n e s s  changes a beam may en- 
counter  as a r t i c u l a t i o n  occurs.  One a n a l y t i c a l  s tudy was performed and t h e  
r e s u l t s  a re  repor ted  i n  reference 5. The study used a s imple two dimensional  
f i n i t e  element model o f  a warren t r u s s  and some r e s u l t s  f rom t h e  study a r e  
shown i n  f i g u r e  13. The deployed t r u s s  beam had i d e n t i c a l  member component 
s t i f f n e s s e s  (EA) and was c o n f i g u r e d  t o  have a t i p  d e f l e c t i o n  t o  deployed l e n g t h  
r a t i o  o f  0.01 when subjected t o  a l a t e r a l  t i p  l o a d  o f  about .72 l b s .  The beam 
model d i d  n o t  i n c l u d e  any e f f e c t  o f  j o i n t  mass nor  were any e f f e c t s  of j o i n t s  
discussed i n  f i g u r e  2 i n c l u d e d  i n  t h e  a n a l y s i s .  

F o r  c a n t i l e v e r  beam s t r u c t u r e s  t h e  r a t i o  o f  t h e  bending s t i f f n e s s  i s  propor-  
t i o n a l  t o  t h e  square o f  t h e  frequency r a t i o ;  t h e r e f o r e ,  a de terminat ion  of t h e  
n a t u r a l  f requency was chosen as t h e  method t o  eva lua te  t rends  i n  s t i f f n e s s .  
Shown i n  f i g u r e  13 a r e  curves which i l l u s t r a t e  t h e  square o f  t h e  f requency 
r a t i o  as a f u n c t i o n  o f  deployed l e n g t h  f o r  two methods o f  beam r e t r a c t i o n .  
The curve  f o r  u n i f o r m  r e t r a c t i o n  i n d i c a t e s  t h a t  a s i g n i f i c a n t  l o s s  i n  s t i f f n e s s  
occurs d u r i n g  beam r e t r a c t i o n .  It was observed t h a t  d u r i n g  u n i f o r m  r e t r a c t i o n  
t h e  fundamental mode changes from pure bending t o  a mode t h a t  i s  p r i n c i p a l l y  
bending w i t h  some a x i a l  coup l ing .  A t  low deployment r a t i o s  (approx imate ly  
0.15) t h e  mode s h i f t s  t o  one w i t h  o n l y  a x i a l  mot ion.  The curve f o r  s e l e c t i v e  
r e t r a c t i o n  i n d i c a t e s  t h a t  t h e  o p e r a t i o n a l  s t i f f n e s s  o f  t h e  beam can increase 
s i g n i f i c a n t l y  as t h e  beam i s  r e t r a c t e d .  T h i s  i s  due i n  p a r t  t o  t h e  f a c t  t h a t  
t h e  most h e a v i l y  loaded bays a t  t h e  beam r o o t  a re  f u l l y  deployed. 
t o  t h e  r e s u l t s  shown i n  f i g u r e  13 t h e  re fe rence 5 study has examined t h e  s t i f f -  
ness ranges t h a t  can occur i n  a beam d u r i n g  serpent ine  opera t ion .  
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DEPLOYABLE/ERECTABLE BEAMS 
POTENTIAL ADVANTAGES OF HYBRID APPROACH 

The development o f  space s t r u c t u r e s  technology has been p r i m a r i l y  focused on 
concepts t h a t  a r e  t o t a l l y  deployable o r  t o t a l l y  as t ronaut  erected.  
a b l e  technology base has been e s t a b l i s h e d  i n  bo th  deployable and e r e c t a b l e  
s t r u c t u r e s  as evidenced by i n f o r m a t i o n  repor ted  i n  re ferences 1, 2, 6 ,  7, 8. 
Many advantages and disadvantages e x i s t  t o  support  o r  r e f u t e  each approach. 
However, l i t t l e  work has apparent ly  been done t o  i n c o r p o r a t e  t h e  advantageous 
f e a t u r e s  of bo th  systems i n t o  a s i n g l e  h y b r i d  approach. 
might cons ider  c o u l d  i n v o l v e  t h e  automat ic deployment o f  a s i n g l e  bay ( o r  p a r t  
t h e r e o f )  u s i n g  a s imple s t o r e d  energy system and once deployed an as t ronaut  
would connect t h e  bays t o g e t h e r  t o  form a beam o r  p l a n a r  t r u s s .  
t i a l  advantages o f  such a h y b r i d  system are  shown i n  f i g u r e  14. 

A cons ider -  

The t y p e  o f  system one 

Several  poten- 

Good packaging and structural efficiencies 

Kinematically simple 

Fewer deployable joints required 

Reduce astronaut requirements 

Simple deployer/assem bly aids 

Figure 14 
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DEPLOYABLE/ERECTABLE HYBRID BEAM CONCEPT 

An example o f  a d e p l o y a b l e l e r e c t a b l e  h y b r i d  beam i s  shown i n  f i g u r e  15. 
beam would be packaged as i n d i v i d u a l  bays and c o u l d  be double f o l d e d  f o r  
e f f i c i e n t  packaging. 
i n  t h e  b a t t e n s  and d iagona ls  w i t h  e r e c t a b l e  t y p e  j o i n t s  be ing  used t o  connect 
t h e  longerons. 
t o g e t h e r  s imu l taneous ly  as t h e  bay i s  s l i d  i n t o  p o s i t i o n .  

The 

Each beam would i n c o r p o r a t e  s imp le  deployable j o i n t s  

The f o u r  e r e c t a b l e  j o i n t s  a t  t h e  co rne rs  o f  t h e  bay would snap 

F i g u r e  15 



SUMMARY 

A number o f  new concepts f o r  deployable beam s t r u c t u r e s  have been i n v e s t i g a t e d .  
The s t a t u s  o f  t h i s  concept development i s  shown i n  f i g u r e  16. Al though much 
a d d i t i o n a l  work needs t o  be done i n  t h i s  area advances a r e  be ing  made i n  LaKC's 
S t r u c t u r e s  and Dynami cs D i  v i  s i  on u s i n g  an i n t e g r a t e d  approach of f a b r i c a t i n g  
demonstrat ion models and per fo rming  gener ic  a n a l y t i c a l  s tud ies .  

Three longeron deployable beams 

rn Single fold bat beam design eliminates joint free play- 
predictable tip position 

rn Packaging scheme and hinge axes defined for double fold 
tetrahedral beam 

Controllable geometry beams 

Beam concept defined and demonstration model fabricated 

rn Analysis of generic beam provides insight on operation to 
obtain high structural efficiency 

Deployable/erectable hybrid beams 

New concepts examined to exploit benefits of both erectable 
and deployable beams 

F i g u r e  16 
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